Introduction {#s1}
============

Recently there has been a renewal of interest in problems with perceptual organization (PO) experienced by people with, or at increased risk (e.g., schizotypy), for schizophrenia ([@B1]--[@B4]). PO involves a variety of processes that aid in structuring visual information into coherent patterns, such as contours, groups and objects ([@B5], [@B6]). It has been suggested that these impairments may be specific to psychosis ([@B3], [@B4], [@B7], [@B8]). The debated developmental exception to this proposal is the atypical processing abilities reported in individuals with autistic-like traits ([@B9]--[@B13]).

It has been proposed that PO deficits in schizophrenia are most consistently present when the stimuli used are spatially separated, such as in commonly used contour integration paradigms \[eg., the Jittered Orientation Visual Integration task; ([@B14]--[@B19])\]. There is research to suggest that this impairment may already be present in first-episode patients ([@B15]), and tends to worsen as the illness progresses ([@B19]). Such findings are consistent with the view that schizophrenia is a neurodevelopmental illness ([@B20]--[@B22]) whose origins arise long before the onset of psychotic symptoms; though, fewer studies have examined PO in healthy "at-risk" groups.

The Embedded Figures Test (EFT), a traditional, though somewhat different, measure of PO, has revealed a common impairment in schizophrenia and high-risk groups ([@B2]), including people with high levels of trait schizotypy who are known to be at increased risk for psychosis ([@B23]). The EFT assesses the ability to find a *closed-contour* shape hidden amongst a more complex array ([@B24]). However, the EFT suffers from a number of weaknesses. In particular, the specific processes driving impaired performance are unclear. For example, poor performance in individuals with positive schizotypal traits (e.g., unusual perceptual experiences) has been interpreted as a global (i.e., whole stimulus), rather than local (i.e., detail), processing preference ([@B25])---though these stimuli are not able to unambiguously distinguish between global and local processes ([@B9]--[@B12]). Despite the ambiguity regarding the underlying processes of the EFT, de-Wit and Wagemans ([@B1]) highlighted how important traditional PO tasks such as the EFT are to better understand individual differences in local and global processing, which has been suggested to be representative of individual differences in higher order cognitive processing styles.

In order to overcome the limitations of the EFT, Almeida et al. ([@B9]) developed a new measure of one aspect of perceptual organization: the Radial Frequency Search Task (RFST). It uses stimuli known as radial frequency (RF) patterns, which are closed-contour shapes created by deforming a circle, by sinusoidally varying its radius as a function of polar angle \[([@B26]); Figure [1](#F1){ref-type="fig"}\]. For this task, individuals are required to identify a target shape \[here always a triangle (RF3) with smoothed edges; Figure [1](#F1){ref-type="fig"}\], which is present on 50% of trials, amongst a varied number of distractors. Typically, as the number of distractors present increases (set size = target plus distractors), the time taken to find the target increases. The rate of change in reaction time with increasing set size is referred to as the *slope* of performance, and is used as an indicator of search efficiency. Target Present and Target Absent conditions are also best analyzed separately ([@B9], [@B27]), as they tend to exhibit systematically different response distributions, suggesting that they represent different underlying processes ([@B28]). Target Present search conditions are self-terminating (i.e., the participant stops searching when they have found the target), whereas the Target Absent conditions are a serial search task (i.e., the participant searches through the elements until they establish that the target is absent, which optimally requires all elements to be examined).

![The Global **(A)** and Local **(B)** RFST. Global RFST, **(A)**, column 1: participants must find an RF3 (soft-edged triangle) target amongst RF4 (smooth-cornered squares) distractors, known to be globally processed ([@B47]). Local RFST **(B)**, column 1: target and distractors are matched on global descriptors (both RF3s), and are only distinguishable by local differences in curvature or orientation. Column 2 describes how the radii change with variations in polar angle. **(A)** Displays a conventional RF pattern with 3 cycles of modulation (denoted RF3), whereas **(B)** represents a negatively rectified sinusoid. This negative rectification creates curvature discontinuities which manifest as sharp as opposed to smooth corners (see column 3); however, both patterns contain the same number of points of maximum curvature.](fpsyt-09-00285-g0001){#F1}

One advantage of RF patterns is that they allow global and local processes to be clearly separated ([@B11], [@B28]--[@B31]). Behavioral studies, for example, have shown that RF patterns with fewer than 10 cycles of deformation (such as RF3 and RF4 stimuli) involve global processing, whilst RF stimuli with more than 10 cycles of deformation engage processes that detect local contour deviations without globally integrating that contour information ([@B28]--[@B31]). Additionally, imaging and electrophysiological studies implicate area V4 for intermediate shape processing, including globally-processed RF patterns ([@B30], [@B32]). In contrast, prior research, such as that based on the EFT, assumes that global and local processing abilities exist on a continuum. As such, a global processing advantage implies a local processing difficulty (and vice versa), and the two processes cannot be clearly separated ([@B33]). In RF pattern research, "local" refers to a local pattern feature (e.g., the orientation difference between a local part of the target contour and a circular contour), and global refers to a property of the contour as a whole, which with these repetitive patterns equates to the angle separating points of maximum curvature ([@B11]). Previous studies with the RFST have shown that healthy individuals with high levels of autism-related traits exhibit an advantage on both a Global RFST and a Local RFST ([@B11]), signifying not just a local processing advantage, but an overall superiority in this aspect of PO in this group. However, investigations of PO with the RFST in trait schizotypy have not yet been conducted.

The aim of the current study was to examine PO abilities associated with trait schizotypy. Drawing on prior research, we chose to target positive schizotypy traits, specifically high and low scores on the short form of the Perceptual Aberrations (PAb) scale ([@B34]). In particular, two previous studies examined PO in high and low positive schizotypy using the EFT, but yielded mixed results, hence conclusions regarding global and local processes remain unclear ([@B25], [@B35]). Furthermore, current explanations of positive schizotypy suggest that the unusual perceptual experiences involved arise from early visual processing difficulties ([@B36]). We examined PO ability with two versions of the RFST which specifically target global and local processing, and the EFT. Russell-Smith et al. ([@B25]) argued for a global (over local) processing *advantage* in positive schizotypes, therefore, we predicted that individuals with High PAb, compared to Low PAb, scores would exhibit superior search efficiency (shallower search slopes) and faster reaction times (smaller intercepts) on the Global RFST, but not the Local RFST. Drawing on prior literature, we expected reaction times to be longer for the Local RFST, compared to the Global RFST ([@B28]), indicating that the former is the more difficult task. We also predicted that the High PAb group would exhibit slower reaction times on the EFT than the Low PAb group ([@B25]). To determine the potential specificity of any findings to positive traits, the association with negative and disorganized traits was also explored.

Methods {#s2}
=======

Participants
------------

### Screening and recruitment

Two thousand six hundred and ninety-three undergraduate students from the University of Western Australia accepted an invitation to complete the Perceptual Aberration (PAb; see Table [S1](#SM1){ref-type="supplementary-material"} for further details) and Social Anhedonia scales from the Wisconsin Schizotypy Scales-Brief ([@B37]) and the Cognitive Disorganization scale from the short-form Oxford-Liverpool Inventory of Feelings and Experiences ([@B38]). Questions were interspersed with items from the Infrequency Scale ([@B39]) to identify inconsistent or careless responding. Individuals falling in the 90th percentile ("high" scoring, PAb score ≥ 3) and below the 50th percentile ("low" scoring, PAb score = 0) on the PAb scale were randomly sampled and invited for further testing (outlined below).

### Clinical assessment and exclusions

The Psychosis Screen ([@B40]) provided a brief screen for the presence of psychosis. If 2 (out of 6) items were endorsed, the Diagnostic Interview for Psychosis ([@B41]) was used as a more detailed assessment. On clinical interview, participants were excluded if: they self-reported a past or current diagnosis and/or treatment for a psychotic illness (*n* = 2), screened positive for the presence of psychotic illness (*n* = 1), brain injury/disorder (*n* = 3), or substance abuse (*n* = 5) on individual interview. Additional exclusion criteria included poor visual acuity (lower than 20/32, *n* = 0) or poor fluency in English (*n* = 0).

### Participant characteristics

Ninety-two participants met the inclusion criteria and were recruited in the High PAb group and 170 participants were recruited in the Low PAb group. The sample was predominantly female (68%), young adults (*M*~age~ = 19.39, *SD*~age~ = 2.75, 17--31 years).

Psychometric measures
---------------------

### Schizotypal traits

The Wisconsin Schizotypy Scales-Brief ([@B34]) and short-form Oxford-Liverpool Inventory of Feelings and Experiences[^1^](#fn0001){ref-type="fn"} ([@B38]) self-report scales provide valid and reliable assessments of schizotypy traits ([@B37], [@B42], [@B43]). *Positive* (Perceptual Aberration (PAb) and Magical Ideation) and *Negative* (Social Anhedonia and Physical Anhedonia) schizotypy were measured using the Wisconsin Schizotypy Scales-Brief (15-items per scale), and *Disorganized* schizotypy was measured with the 11-item Cognitive Disorganization scale of the short-form Oxford-Liverpool Inventory of Feelings and Experiences.

### Autism-related traits

The Autism-Spectrum Quotient (AQ) was used to measure autistic-like traits in the general population \[higher scores = more autistic-like behavior; ([@B44])\]. AQ scores were included as a potential confound, given that individuals with high AQ traits (total scores ≥ 23) tend to have improved performance on the RFST ([@B9]--[@B12]).

Stimuli and procedure
---------------------

### Radial frequency search task (RFST)

The RFST is a computerized visual search task that measures a participant\'s ability to as quickly and accurately as possible, find a target amongst distractors. The target and distractors were Radial Frequency (RF) patterns ([@B26]), which are created by the sinusoidal modulation of the radius of a circle as the function of the polar angle (see Equation 1[^2^](#fn0002){ref-type="fn"} By altering parameters of this equation we were able to create shapes with flat sides resembling triangles (RF3s that served as the target shape in both the Global RFST and Local RFST) and squares (RF4s that served as Global RFST distractors)[^3^](#fn0003){ref-type="fn"}. Furthermore, rectifying the RF stimuli creates discontinuities in orientation (Equation 2^2^), giving the appearance of sharp-cornered triangles (RRF3s, used as Local RFST distractors, since only the corner curvature varies). The number of shapes on the screen (set size) was 1, 2, 4, and 8. The rate of increase in reaction time as set size increased provided a measure of *search efficiency*, our primary measure of performance on this task.

### Global RFST

The Global RFST involved finding an RF3 (triangle-shape) amongst an array of RF4\'s (square-shaped), which differ in their global properties (e.g., polar angle between adjacent corners, see column three, Figure [1](#F1){ref-type="fig"}) and are both known to be globally processed ([@B31], [@B45]--[@B47]).

### Local RFST

The Local RFST involved finding an RF3 amongst rectified RF3 stimuli. For the Local RFST the RF stimuli were matched in global properties (3 corners separated by 120°) and are only distinguishable by local differences in curvature or orientation \[see Figure [1B](#F1){ref-type="fig"}; ([@B28], [@B48])\].

### RFST stimuli

The base radius of the RF patterns was set at 1° \[as in ([@B9])\] and the luminance profiles were all Gaussian in cross section (σ = 4′ visual angle). Both patterns in the display (RF3 vs. RF4 or RF3 vs. RRF3) had the same total luminous energy. Weber contrast of 1 was used. The center to center separation of the RF patterns was approximately 3°. The RF\'s were dispersed on a 7 × 7 grid, creating 49 possible positions for the RF\'s to appear, which were randomly assigned on each trial. To prevent the patterns from strongly grouping into columns and rows, the patterns were displaced by a random amount (with the range of ±12 arcmin), vertically and horizontally from the grid position.

The stimuli for the RFST were created in MatLab 7.0.4 (Mathworks, Natick, MA, USA), and were presented using a PC (Pentium 4, 3 GHz) driving a Sony Trinitron G520 monitor (100 Hz refresh rate, 1024 × 768 pixels resolution) through the frame buffer of a Cambridge Research Systems (CRS) ViSaGe (CRS, Kent, UK) visual stimulus generator. The background luminance was set to 45 cd/m^2^ and maximum luminance to 90 cd/m^2^, which was calibrated using an Optical OP 200-E photometer (head model number 265). The viewing distance was sustained by the use of a chin rest 65.5 cm from the screen (creating pixels subtending 2′ visual angle). The left and right buttons on a CRS CB6 button box were used to make responses.

### RFST procedure

A single-interval forced choice reaction time paradigm was used, such that the participant was required to indicate the presence of the target shape via a left (present) or right (absent) button press. The set sizes were randomly interleaved, with the target shape appearing in the display 50% of the time (i.e., half Target Present, half Target Absent). There were 10 practice trials administered for both versions of the RFST to familiarize participants with the task. There were 120 trials per block, with a total of 90 trials per set size (3 blocks × 30 trials p/set size). The blocks of the Global and Local RFST\'s were interleaved to control for possible practice effects, with the starting block randomized between participants. Reaction time was recorded to 100 μs resolution. Auditory feedback was provided through two different tones, to indicate correct or incorrect responses.

### The embedded figures test (EFT)

The EFT ([@B24]) measures the time (in seconds) taken for an individual to find a simple shape hidden inside a more complex pattern, with a maximum search time of 180 s. The primary measure of performance is the mean response time across the 12 trials (as has been used previously; 9, 25, 24), with the number of completed items (i.e., completed within 180 s) providing a secondary measure of performance.

Additional tests
----------------

Differences in visual acuity, handedness and general cognitive ability can independently influence perceptual organization performance ([@B16], [@B49], [@B50]), so were included as potential covariates. Visual acuity was assessed using a LogMAR acuity chart ([@B51]), where lower scores correspond to poorer visual acuity. Handedness was assessed online using a 10-item version of the Edinburgh Handedness Inventory (<http://zhanglab.wikidot.com/handedness>), which gives participants a score ranging from −1 (pure left handed) to +1 (pure right handed). A tablet-based version of the digit symbol coding test from the Brief Assessment of Cognition in Schizophrenia (NeuroCog Trials, 2014) provided a brief but reliable estimate of general cognitive ability ([@B52]), with participant scores reflecting the number of items completed correctly in 90 s.

Procedure
---------

The PAb, Social Anhedonia, Cognitive Disorganization, and AQ scales were voluntarily completed in supervised groups in an initial screening session, following a normal laboratory class. Individuals meeting the inclusion criteria on the PAb scale were invited to take part in further testing (total testing time \~2.5 h). The AQ, all four Wisconsin Schizotypy Scales-Brief subscales and the Cognitive Disorganization subscale were re-administered for test-retest reliability purposes. Only selected High and Low PAb participants completed the EFT[^4^](#fn0004){ref-type="fn"}. For both the RFST and EFT, participants were able to freely move their eyes over the stimuli. Another series of tests followed the RFST, which were part of related experiments (to be reported separately). This research was approved by the Human Research Ethics Committee at the University of Western Australia, and all participants provided informed, written consent. All participation was voluntary and no financial incentives were offered.

Data analysis
-------------

First a data quality check was conducted. Test-retest reliability for the schizotypy scales was as follows: PAb = 0.73; Social Anhedonia = 0.73, Cognitive Disorganization = 0.84 and AQ = 0.77, indicating good or acceptable reliability for all scales. Screening scores were used for group allocations reported below. Next, individuals who scored 3 or more on the Infrequency Scale were excluded from the final sample (*n*~highPAb~ = 2, *n*~lowPAb~ = 2). Outliers (\> ± 3 SD) were detected on the digit symbol coding (*n*~lowPAb~ = 3) and age (*n*~lowPAb~ = 6, *n*~highPAb~ = 1), and were removed prior to analysis.

EFT reaction time scores were skewed, hence the logarithm of the reaction time\'s (recorded in seconds) was taken for the EFT. The anti-log of this data is reported in the Results section below. For the RFST, only correct responses were included, and the lower limit of accuracy was set at 75%. All participants met this criterion for the Global RFST, however, a subset of individuals performed below this criterion on the Local RFST, and were subsequently removed from these analyses (*n*~highPAb~ = 9, *n*~lowPAb~ = 24). There were no differences in accuracy between the High/Low PAb groups (Present and Absent) (see Supplementary Materials for further details, Figure [S1](#SM1){ref-type="supplementary-material"}).

Next, the median[^5^](#fn0005){ref-type="fn"} of the reaction time\'s for each set size was obtained, and fit with a linear function, \[see ([@B9]--[@B11])\] using Equation (3):
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The slope of the function represents the rate of increase in reaction time as set size increases and therefore provides a measure of search efficiency. *Slope* was used as the primary indicator of task performance, with steeper search slopes representing reduced search efficiency. The *intercept* provided a secondary outcome measure, and is argued to represent non-search processes, related to signal transmission speed. *R*^2^--a goodness of fit statistic---on average indicated a good fit for the linear functions (equation 3), for both the Global (Target Present = 0.88, Target Absent = 0.92) and Local (Target Present = 0.94, Target Absent = 0.99) RFST\'s. Present and Absent data were analyzed separately, as noted above (9, 27, 28). In addition, since the Global and Local RFST\'s are targeting independent processes, they were treated as such in the analyses.

Independent samples *t*-tests were used to explore group differences in slope and intercepts. Effects sizes are represented by Cohen\'s *d* for the independent samples *t*-tests. Effect sizes are considered small when *d* = 0.20 or approaches that value, medium when *d* = 0.50 or approaching that value, and large when approaching *d* = 0.80 ([@B53]). It is expected that the effect sizes will be small-medium, given that medium effect sizes have been found in other PO tasks with clinical samples ([@B2], [@B18]). Analyses were completed in IBM SPSS Statistics Version 22 and GraphPad Prism Version 7[^6^](#fn0006){ref-type="fn"}.

Results {#s3}
=======

Descriptive statistics
----------------------

Independent samples *t*-tests (two-tailed) showed that High and Low PAb groups were not significantly different in age, digit symbol coding, handedness or visual acuity. However, compared to the Low PAb groups, the High PAb groups had significantly higher AQ scores and higher levels on *all* schizotypy traits, except Physical Anhedonia (see Table [1](#T1){ref-type="table"}). Inspection of the effect sizes (Table [1](#T1){ref-type="table"}) and score distributions (Figure [S2](#SM1){ref-type="supplementary-material"}) for all traits showed that the largest group difference occurred on the PAb scale (as expected), with considerable group overlap on the remaining traits. In addition, the average scores for the High and Low PAb groups for the other schizotypy and AQ traits were within the mid-range of scores (i.e., not below the 50th percentile or above the 90th percentile; see column 2 and 4 in Figure [S2](#SM1){ref-type="supplementary-material"}).

###### 

Participant characteristics (Mean and SD) in high and low Perceptual Aberration groups.

                                               **Low PAb (*n* = 146)**   **High PAb (*n* = 83)**   ***t***   ***p***                                   ***d***
  -------------------------------------------- ------------------------- ------------------------- --------- ----------------------------------------- ---------
  Perceptual aberration                        0 (0.00)                  5.10 (2.41)               25.62     \<0.01[^\*^](#TN2){ref-type="table-fn"}   2.99
  Magical ideation                             1.28 (1.56)               4.23 (2.83)               10.17     \<0.01[^\*^](#TN2){ref-type="table-fn"}   1.29
  Social anhedonia                             1.57 (2.27)               3.64 (3.31)               5.58      \<0.01[^\*^](#TN2){ref-type="table-fn"}   0.73
  Physical anhedonia                           1.89 (1.91)               2.17 (2.01)               1.04      0.30                                      0.14
  Cognitive disorganization                    4.42 (3.15)               7.25 (2.94)               6.03      \<0.01[^\*^](#TN2){ref-type="table-fn"}   0.93
  Total autism quotient                        14.10 (6.09)              18.43 (6.81)              4.96      \<0.01[^\*^](#TN2){ref-type="table-fn"}   0.67
  Acuity                                       −0.11 (0.08)              −0.09 (0.09)              1.42      0.16                                      0.18
  Digit symbol coding                          59.20 (8.65)              59.15 (9.25)              −0.03     0.97                                      −0.01
  Age                                          19.49 (2.81)              19.18 (2.63)              −0.87     0.39                                      −0.11
  Handedness[^∧^](#TN3){ref-type="table-fn"}   0.68 (0.55)               0.70 (0.42)               6931.50   0.12                                      −1.56

*For the Cognitive Disorganization, data was only available for 176 individuals*.

*Mann-Whitney test used due to negative skew, effect size represented by Z*.

*p is significant at.05 level (two-tailed)*.

To determine whether covariates should be used in the analyses reported below, correlations were calculated between measures of acuity, handedness, digit symbol coding, and AQ scores, and all measures of PO, i.e., slopes and intercepts on both the Global and Local RFST (for Target Present and Target Absent conditions), and EFT average reaction time scores. Correlations larger than 0.3 were used to identify potential covariates \[eg., ([@B54]); see Table [S2](#SM1){ref-type="supplementary-material"}\]. No correlations met this criterion. Most traits were weakly and non-significantly correlated with the PO measures, and therefore were not used as covariates. Given prior literature on the association of AQ and PO, the distribution of AQ scores in schizotypy groups was examined. The percentage of High AQ\'s (≥23) in the High PAb (30.12%) group was higher than the Low PAb (9.59%), presenting difficulty in teasing out the effect of AQ (Figure [S3](#SM1){ref-type="supplementary-material"}). However, when repeating the analyses after removing these High AQ individuals, the pattern of results remained the same.

RFST performance {#s4}
================

Global RFST
-----------

### Target present

Search slopes tended to be higher for the High PAb group compared to the Low PAb group on the Global Target Present RFST, with a small effect size (Table [2](#T2){ref-type="table"}); however, the difference between groups was not statistically significant (Figure [2](#F2){ref-type="fig"}). No significant difference in processing speed (intercepts) between the High and Low PAb groups was found (small effect size, see Table [2](#T2){ref-type="table"}).

###### 

Independent samples *t*-tests comparing High and Low PAb groups on the slopes and intercepts for the linear fits to RFST data.

                   ***t***   ***p***                                  ***d***
  ---------------- --------- ---------------------------------------- ---------
  **SLOPE**                                                           
  Global present   1.519     0.130                                    0.202
  Global absent    2.357     0.019[^\*^](#TN1){ref-type="table-fn"}   0.315
  Local present    0.680     0.497                                    0.093
  Local absent     0.853     0.408                                    0.112
  **INTERCEPT**                                                       
  Global present   0.206     0.837                                    0.028
  Global absent    −0.012    0.991                                    −0.002
  Local present    0.384     0.702                                    0.054
  Local absent     1.664     0.098                                    0.225

*p is significant at 0.05 level (two-tailed), df = 227*.

![Mean search slopes and intercepts for the High and Low PAb groups for the Global (left panels) and Local (right panels) RFSTs, derived by fitting a linear function when reaction time is plotted against set size (see **A**,**D**). Due to differences in task difficulty between Global and Local, the data are presented on different axes. **(D)** Highlights the difference in task difficulty between Global and Local RFST\'s, when they are shown on the same axes. Individual slopes **(B,E)** and intercepts **(C,F)** are represented in the bottom panels. The High PAb group exhibited significantly steeper search slopes for the Global Absent RFST only (^\*^*p* is significant at the 0.05 level, two-tailed).](fpsyt-09-00285-g0002){#F2}

### Target absent

Significantly steeper search slopes were found on the Global Target Absent RFST, that is, the High PAb group exhibited reduced search efficiency (Figure [2](#F2){ref-type="fig"}), with a medium effect size[^7^](#fn0007){ref-type="fn"}. This outcome follows the same pattern of results as the Target Present condition although it was not a significant effect in that case.

Local RFST
----------

### Target present

There were no significant differences between High and Low PAb groups on the slopes or intercepts for the Local RFST, and all effect sizes were small.

### Target absent

There were also no differences between the High and Low PAb groups on Local Target Absent search efficiency, however, the High PAb group exhibited larger intercepts (albeit this was not statistically significant), with small effect sizes (see Table [2](#T2){ref-type="table"} and Figure [2](#F2){ref-type="fig"}).

EFT performance
---------------

No significant group differences were found on either EFT reaction time scores, *t*~(136)~ = 0.240, *p* = 0.811, *d* = 0.04 (High PAb: *M* = 30.490, *SD* = 1.627, *n* = 49; Low PAb: *M* = 29.803, *SD* = 1.748, *n* = 89), or the number of completed items, *U* = 2046.000, *Z* = −0.654, *p* = 0.513 (High PAb: *M* = 11.102, *SD* = 1.085; Low PAb: *M* = 11.225, *SD* = 0.899). However, a modest significant, positive correlation was observed between EFT reaction time and search efficiency on both the Global (*r* = 0.217, *p* = 0.018, *n* = 118) and Local RFST (*r* = 0.310, *p* = 0.001, *n* = 118), when using Target Present slopes as the measure of performance. In contrast, correlations between the EFT reaction time and Global (*r* = 0.071, *p* = 0.443, *n* = 118) or Local (*r* = 0.180, *p* = 0.051, *n* = 118) Target Absent slopes were non-significant.

Discussion {#s5}
==========

This study aimed to explore PO differences in people with High and Low positive (PAb) schizotypal traits using both newer (RFST) and traditional (EFT) measures of aspects of PO. The RFST is similar to the EFT in terms of its visual search properties. However, the RFST offers the significant advantage of allowing us to test whether the PO difficulties observed in high schizotypes may be specifically attributed to differences in global or local processes; in particular, to differences in search efficiency (i.e., rate of change in reaction time as set size increased) or processing speed (including other non-search processes). Contrary to predictions, we found that global processing was significantly *poorer* (rather than enhanced) in the High PAb group relative to the Low PAb group. Specifically, the results showed *lower* search efficiency on the Global RFST in those with High PAb scores, compared to those with Low PAb scores. This difference in global processing had a moderate effect size, but was evident only in the Target Absent condition and not the Target Present condition---which suggests that the underlying mechanism involves differences in decisional processes on the RFST. These findings cannot be attributed to a speed-accuracy trade-off, given that there were no group differences in the proportion of correct responses. In addition, group differences in global processing could not be explained as a result of generalized deficits related to age, digit symbol coding scores, handedness or visual acuity, since High and Low PAb groups did not differ on these variables. Similarly, it is unlikely that group differences in AQ can explain the decreased efficiency in global processing observed, since higher AQ scores have previously been associated with *better* rather than worse performance on the RFST ([@B11]). Furthermore, when high AQ scorers were removed from both high and low schizotypy groups, the key results remained unchanged. Importantly, however, the specificity of the difficulty in global processing to *positive* schizotypy alone cannot be assured, since the High PAb group also had high scores on other schizotypal traits. Indeed, prior research shows that schizotypal traits are typically positively correlated ([@B55]); hence attempting to isolate a single trait would select a very atypical group not representative of most people with high schizotypy scores.

A notable observation for the remainder of the results is the lack of significant group differences in PO. First, the prediction of a global processing advantage in high schizotypes, as posited by Russell-Smith et al. ([@B25]), in terms of speed of processing was not confirmed. High and Low PAb groups did not exhibit any differences in intercept values---indicating that signal transmission speed was similar. Indeed previous evidence indicates that speed of processing is largely intact in high positive schizotypy---which may confer some protection to the onset of schizophrenia \[see also ([@B56], [@B57])\]. Second, and significantly, no group differences were observed in local processing abilities on the RFST, in either Target Absent or Target Present conditions; though search efficiency was lower overall on the Local compared to the Global RFST (Figure [2D](#F2){ref-type="fig"}), suggesting the Local RFST was more difficult, as expected ([@B28], [@B48]). Together with the results outlined above, these findings suggest that high schizotypy is associated with (a) a specific though mild difficulty in global but not local processing, (b) involves poorer search efficiency rather than slower processing speed, (c) cannot be explained as a task difficulty effect, and (d) may arise from altered decision processes when organizing perceptual information into shapes and objects.

Lastly, no significant differences between High and Low PAb groups were found on the EFT task. The unexpected outcome on the EFT appears to be due to close to ceiling accuracy levels in both High and Low PAb groups, which suggests that the EFT is not sufficiently sensitive to differences in PO abilities in this sample. In contrast, the RFST was able to reveal group differences in global processing, that would have previously been missed with the EFT. Indeed, the significant correlation observed between the EFT and RFST \[as also found in Almeida et al. [@B9]\] suggests the tasks share some common variance, but are not identical. It\'s important to note that the conceptualisation of local and global is slightly different in the EFT and RFST. The EFT assesses an individuals\' ability to disembed local features from a global stimulus, whereas the RFST aimed to isolate the local and global elements. The terms "local" and "global" have taken on a number of different meanings in the literature ([@B33]), however, the RFST is one of the few tasks that has attempted to separate local and global components.

The subtle difficulties in global processing captured by the RFST in high-trait schizotypy are consistent with continuum models of psychosis, in demonstrating that anomalies in PO are not limited to schizophrenia but are also observed in healthy individuals at increased risk for psychotic illness ([@B2]). However, longitudinal studies tracking global and local processing during development are still needed to determine whether poorer global search efficiency presages the onset of psychotic disorder and conversely, whether intact search efficiency serves as a protective factor. Current models of psychosis risk clearly advocate for a combination of risk factors leading to the development of clinically diagnosable schizophrenia ([@B58]--[@B60]); though they have not typically included modern measures of PO and lack detail on the precise mechanisms involved. It has previously been suggested that perceptual organization difficulties may, at the phemenological level, translate to individuals having a more fragmented view of the world ([@B61]), indicating that intact perceptual organization may protect against the development of a potentially disorganized or anomalous world view ([@B1]). The benefit of the current tasks to assess PO lies in providing insight into which specific components of PO may be deficient, setting young people on a trajectory toward more anomalous perceptual experiences and increased risk for psychosis.

A better understanding of global and local processing in schizotypy, i.e., the specific behavioral and neural mechanisms involved, may also provide new avenues for examining well-documented impairments in perceptual organization in schizophrenia ([@B3], [@B62]). For example, the RFST (unlike the EFT) can be easily modified to test the influence of specific stimulus characteristics, such as spatial frequency, which has been argued to be particularly relevant to visual processing deficits in schizophrenia ([@B63], [@B64]) and schizotypy ([@B65]). Indeed, further work is needed to determine if poor performance on the RFST is a reliable marker of risk for psychosis and is also observed in patients with schizophrenia. Further work may also consider measuring eye movements \[e.g., ([@B66])\] as an adjunct measure of global and local processing differences in high and low schizotypy samples. Despite many advantages, alternative tools for assessing PO, such as the Jittered Orientation Visual Integration task, often prove challenging for patients with schizophrenia, with tolerability ratings ranging from low to moderate ([@B67]). The RFST offers a quick (\~10 min) and easy alternative (\~96% average correct responses) that may be refined for use as a screening tool in patients \[e.g., ([@B68])\].

Limitations {#s6}
===========

A number of limitations should be noted. Firstly, this study was restricted to a university student sample, which despite having its advantages, limits the generalizability of these results due to the selective nature of university entrance. Secondly, gender differences in PO should be an important consideration for future research, in light of previous studies which have found that males tend to be faster at RT based tasks ([@B69]), and have varied PO difficulties in schizophrenia ([@B70]). Thirdly, the interaction between Age, PO, and schizotypy traits was not explored due to the restricted age range of participants. Lastly, in the current study, the small, and often non-significant correlations between negative and disorganized schizotypy traits and RFST measures, suggest that these *other* schizotypy traits have little to no impact on global (or local) processing; though such conclusions need to be tentative. As a whole, the interaction between schizotypy traits and underlying cognitive-perceptual mechanisms is not well understood \[e.g., ([@B71])\], and should continue to be a focus for future work.

In conclusion, there has been concerted interest in developing reliable and valid tasks for assessing perceptual dysfunction in people with, and at increased risk for, schizophrenia ([@B18], [@B72]). The varieties of RFST available, pave the way for additional, flexible measures of PO that could be used in both clinical and high-risk samples. The RFST is a sensitive assessment tool, and may be particularly useful in helping to better understand the development of visual processing dysfunction prior to illness onset, even when PO processes are relatively preserved ([@B36], [@B45]).
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^1^These data was only available for a subset of individuals (*n* = 176).

^2^Equation 1. *R*(θ) = *R*~0~(1+*Asin*(ωθ+ φ)), where ϑ is the angle made with the x-axis, *R*~0~ is the mean radius of the modulated circle, ω is the frequency of modulated cycles in 360^0^ (ω = 3 or 4, denoted RF3 and RF4 respectively) and φ is the angular phase of the shape. Equation 2: The equation for the negatively rectified stimuli \[see Local RFST below; ([@B48])\] is: $R{(\theta)} = R_{0}{(\left. 1 + A - \middle| {({Asin{({\frac{\omega}{2}\theta + \ \varphi})}})} \right|)}$.

^3^A recent study found that the targets and distractors of both the Global and Local RFST\'s were equally salient ([@B28]).

^4^Three individuals from the Low PAb group had recently completed the EFT as part of another study, in order to avoid repeat testing---which invalidates responses---scores for these individuals were obtained (with consent), from the earlier study. Data for 4 individuals was missing.

^5^The median was chosen over the mean as there was no single transformation that could normalize the data in all conditions.

^6^The analyses were repeated when removing 9 outliers on slope and 3 outliers on intercept values (Mean ≥ 3 *SD*), however, the outcome did not change.

^7^Following a suggestion from a reviewer, a *post-hoc* exploratory analysis was conducted to determine the impact of age on search efficiency. Groups were broken down as follows: 17--19 (High PAb: 67.5%, Low PAb: 70.5%), 20-24 (High PAb: 25.3%, Low PAb: 21.9%), 25--31 (High PAb: 7.2%, Low PAb: 7.5%). An interaction of Age × PAb group was found, such that High PAb group showed significantly steeper search slopes compared to the Low PAb for the Youngest (17--19) group *only*. However, given the small proportion of the sample in the older age groups, it is difficult to interpret the overall effect of age on search efficiency.
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EFT

:   Embedded Figures Test

RFST

:   Radial Frequency Search Task

PAb

:   Perceptual Aberration

PO

:   Perceptual Organization

RF

:   Radial Frequency

AQ

:   Autism Quotient.
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